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INTRODUCTION
Environmental exposure to lead has long been recognized as a public health

problem particularly among children. The vulnerability of the age group 1 to 5
years to soil lead is enhanced because of their hand to mouth activities, pica, and
a high rate of intestinal absorption. Excessive concentration of lead in soil has
been shown to increase lead levels in children (Lin-Fu, 1973a, b; Mietke et al.,
1983; Duggan and Williams, 1977; Brunekreef et al., 1981; Roels et al., 1980;
Schmitt et al., 1979). As a result, there has been an increasing awareness for the
need to monitor lead levels in soil and to control soil lead contamination by
maintaining a "safe" level. Given the widespread presence of lead in urban soil,
reduction of lead to background uncontaminated levels is not possible (National
Academy of Sciences. 1980). The major focus of this report is to propose a "safe"
or permissible level of lead in soil in highly urbanized areas, below which potential
adverse health effects will be minimized.

BACKGROUND
Environmental Assessment

Soil lead contamination has been attributed to various sources (American Acad-
emy of Pediatrics, 1985). Flaking lead paint, particularly in and around houses or
buildings has been considered as a major source of contamination. Air-borne lead
particles deposited in soil is another important source. Emissions from industries,
from incinerators and similar sources, and from vehicular traffic using leaded
gasoline contribute to soil lead content. Urban environments receive a higher
deposition of lead from vehicular emissions than rural areas. Furthermore, lead
concentration in urban soils are not evenly distributed (Mielke et al., 1983).

In general, lead tends to remain at the surface soil and concentrations are lower
at deeper layers. Lead-contaminated sou* and dust have been identified as impor-
tant sources of exposure for children especially in an urban setting (Duggan and
Williams. 1977). Wide variations in soil lead levels have been observed. Studies

1 Thi* piper wu prorated at tb* American PubHc Heafta Ajaociation JUtb Annual Meeting.
September It-October 2. 1916. Ui Vesai. NV.

1 Formerly Di vision at Occupational and Environmental Health. New Jeney Department of Health.
Trenton. NJ 0*625.
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have reported values ranging from less than 100 ppm to well over 11,000 ppm
(National Academy of Sciences, 1980). In a recent study in Baltimore, the lead
levels in garden soil samples ranged from 1.0 ppm to over 10.000 ppm with a
median of 100 ppm (Mielke et al.. 1983). Spittler and his co-workers did a similar
study on garden soil in Boston (Spittler and Feder, 1979). Soil lead levels were
higher in inner-cities and near roadways. Also, front yards of homes facing road-
ways had higher lead contamination than backyards. Automobile and industrial
emissions have been found to be mainly responsible for increase in urban soil lead
levels.

Health Effects

Severe lead toxicity often causes encephalopathy. Prevention of this serious
sequelae of lead poisoning was a major focus in the 1960s (MaharTey, 1983).
During the 1970s, recognition of chronic exposure of lead and its cumulative effect
shifted the emphasis to the understanding of the adverse effects of low levels of
lead intoxication. The study by Needleman et al. (1979) showed a positive rela-
tionship of lead in shed mtik teeth with poor ratings from classroom behavior.
These findings supported the "no threshold" view and also indicated the need for
more attention to be given to cumulative adverse effects of lead at low levels of
intake. A recent study in Boston (Bellinger*; al., 1987) emphasized this view with
its findings on fetal lead exposure associated with retardation of mental develop-
ment.

The blood lead concentration has been generally accepted as the best measure
of the external dose of lead (National Academy of Sciences, 1980), although it is
not considered as a reliable index of past absorption or of toxicity per se. How-
ever, Needleman et al. (1979) had observed thai children with higher tooth lead
levels tended to have had higher blood lead levels previously (4 or 5 yean prior to
tooth shedding).

In recent years, progress has been made in achieving the goal to remove lead
from the environment of children before it enters their bodies. The Second Na-
tional Health and Nutrition Examination Survey (NHANES-LT) has established
average blood lead levels for the U.S. population (Mahaffey et al.. 1982). These
data demonstrated that urbanization was associated with an increased blood level.
Lead levels in blacks were on an average 6 |ig/dl higher than those in whites. The
lowest blood lead associated with adverse biological effects has been observed to
be 10 ng/dl (Minnesota Department of Health, 1984). AJLAD (A-aminolevulinic
acid dehydratase) inhibition is associated with this low level. More serious con-
ditions such as anemia and neurologic effects occur at higher levels of blood lead
elevation.

Leaded gasoline makes a substantial contribution to soil and dust lead levels
(Caprio et at., 1974). The reduction of lead in gasoline and removal of lead in paint
for residential areas have been primarily responsible for a decline in the average
blood lead levels to children on a national basis. In areas with very high concen-
trations of lead in soil and dust, large-scale cleanup operations of soil or relocation
of the population will be the ideal remedial actions to protect children from undue
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lead exposure. Such responsibilities for regulating lead exposure include the set-
ting up of acceptable levels of lead in soil by government agencies.

MATERIALS AND METHODS
Several studies have found that lead in soil is positively correlated with blood

lead in children (Brunekreef, 1981; Reels et al., 1980; Schmitt et al.. 1979). The
U.S. Environmental Protection Agency (EPA) estimated the blood lead soil slope
as ranging from 0.6 to 6.8 fxg/dl per 1000 M-g/g of soil lead concentration (U.S.
Environmental Protection Agency, 1983). Available data on the estimates of the
amount of soil ingested by children showed 100-fold variation and were not con-
sidered useful in deriving a "safe" soil level (Binder et al., 1986; Clausing et al.,
1987; Hawley, 1985).

Duggan (1980) did an assessment of the relationship of blood lead and lead in
soil/dust, based on 21 samples out of nine studies, which had data permitting a
quantitative estimation of the Mood lead slope. His estimate was an increment of
5 tig/dl of blood lead per 1000 ppm of lead in soil. These studies varied a great deal
in the type of soil and the study population. Soil or dust source included various
types such as boot tray dust, house dust, outdoor dust, playground dust, and soil.
Most of these studies were on children under 5 yean of age, a few on older
children up to 14 yean, and one on a mixed population of adults and children. The
blood lead slopes, computed by Duggan for all 21 samples, were available, ranging
from 0.6 pg/dl to 65 >ig/dl per 1000 ppm of lead in soil.

We based our analysis on 8 of Duggan's 21 slope estimates. We selected these
8 slopes because soil was the only source of lead, not house dust, etc.. and only
blood levels from children under 12 yean, the most susceptible group to lead
toxicity, were used to derive UM slopes.

RESULTS AND DISCUSSION
The results of limited soil sampling in New Jersey found that median values of

lead in surface soil samples from different areas in New Jersey varied from 4 ppm
to 1245 ppm (New Jersey State Department of Health, 1985). The overall median
levels were 238 and 73 ppm for suspected contaminated and control sites, respec-
tively. Newark had the highest median of 1245 ppm followed by Jersey City (668
ppm), Secaucus (495 ppm), and other towns with levels below 400 ppm. Samples
from areas in Princeton and Fwmington were below 100 ppm. As observed in
earlier studies, front yards of homes in Newark had a higher level (1755 ppm) than
backyards (1060 ppm).

Table 1 shows the slopes ranging from 0.6 to 65 u.g/dl per 1000 ppm of the eight
studies selected to derive an acceptable level for lead in soil. As lead levels in
blood are known to be distributed tognormally, and the range for slopes (0.6-65.0
lif/di) is very wide, analysis was done on base 10 log transformations of the
slopes. The mean of UM base 10-fogs is 0.5321 with a standard error of 0.2435.
Transforming back, the geometric mean and the geometric standard error of the
slopes is 3.41 ± 1.75 jig/dl. Applying the "wont-case" or upper-limit analysis to
the base 10 logs, the one-tailed 95% upper confidence limit equals 0.5321 + 1.65
x 0.2435 - 0.9339 (American Industrial Health Council, 1985; Wilson and
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TABLE I
DATA RUATTNO TO LSAO IN BLOOD WITH LCAO IN Son.'
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Author tat refcrac*
Anilt tt aL (Q
Aflfl* tt tL (M)
Barltrop n al.
CaJkc tt 4. (i)
CaJke ei al. (ii>
SheUshear tt al.
Ya/ikel tt al. (i)
Yankel et al. (ii)

Nurabw
of penoitt
in study

153
23
n

187
187
68

1149
1149

Af« of
pcnou
(yean)

2-5
10-12

2
up to 5
up to 5

1-5
1-9
2-3

Slope
(n^dl/1000 ppm)

63.0
15.0
0.6
3.3
1.6
3.9
0.6
2.5

•5(?urc«:Duaan(l980).

Crouch, 1982). Transforming back, the antilog is 0.9339-8.5877 pg/dl per 1000
ppm of lead in soil. This slope corresponds to the worst case situation.

Using the slope 8.59 pg/dl, soil concentrations have been calculated for differ-
ent amounts of blood lead contributed from soil, as shown in Table 2. Having
computed the soil concentration for different amounts of blood lead contributed
through soil, the next important consideration is the choice of the permissible
amount of blood lead from soil. The soil lead concentration corresponding to this
blood lead level would be the suggested lead permissible level. Keeping in mind
the background level of blood lead for children under 12 yean, the ideal situation*
would be to have no increment in blood lead level contributed from soil. This
stringent condition demands a zero level concentration of lead in sou*. Looking at
estimates of soil lead levels available from various studies in the United States and
elsewhere, one realizes that to bring down the lead concentration to zero would be
an impractical task. As shown in Table 2, even for 1 jig/dl of blood lead from sod,
the soil concentration has to be around 100 ppm. If 5 pgAtt of Mood lead is chosen
as a tolerable level, the corresponding soil concentration is 592 ppm, rounded off
to a figure of 600 ppm, Wkfc a aufjattcd permissible kvd of 600 ppv.it can be
stated with reasonable certainty that this soil coocentiatioa wiH u>auflm>a no
naora thaa 5 jtg/dl to Wood lead for cMUrm under 12 yean.-The selection of 5

TABLE 2
LtAO CONdXrBATWN Of SOtt «Y BlOOO LtAO COHTUBlTrtON HtOM SOU.

Sou coocntnfiott (ppA)
Al 9S4v Vfptf COflfidtttCt

limit of IJ» itftUIOOO ffm

512
1164
174*
2321
2910

frM Mi*

5
It
tt

* !• addJtioa to backyouod kv<i
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is somewhat arbitrary. The median blood lead of children 6 months to 5
years between 1976 and 1980 was reported to be 16 |ig/dl for whites and 20 pg/dl
for blacks. Since lead accumulates there is no absolutely "tolerable" increase of
blood level. Allowing an increase of 5 pg/dl above the median level is probably not
advisable. The national median levels, however, are probably partially attribut-
able (o soil contamination. Table 2 therefore needs to be used as a guideline to the
upper limit of accumulation not as a standard which if met guarantees absolute
safety.

This suggested level of 600 ppm lies within the range given by the Center for
Disease Control (1985) in the following statement:

"In general. lead in soil and dun appears u> be mpooubte for Mood lead level* IB children
increasing above background level when the cooceatraoo* in the soil or duat exceed* 300-
1000 ppm."

A similar analysis was done by the EPA. (U.S. EPA, 1983). In that analysis the
value of 65 ng/dl/IOOO ppm from one study (Angle, see Table 1) was not included.
Eliminating this outlier would change the 95% upper confidence limit of the slope
from 8.59 that we used, to 4.52 tig/dl/IOOOppm. This would approximately double
the soil levels presented in Table 2. Eliminating the upper and lower outliers in
Table I would not appreciably change the slope or values in Table 2. Because of
the uncertainty involved in selecting a "safe" level we do not feel that it is
warranted to exclude the data at either extreme.

Furthermore, it is important to keep in mind that exposure of children to lead-
contaminated soil or dust is enhanced when they play on nongressy surfaces than
on grass-covered areas (Lewis and dark County Health Department tt al., 1986),
a scenario similar to the vulnerability of children exhibiting mouthing behavior.

In conclusion, maximum permissible levels of lead in soil have bee» recom-
mended by. the New Jersey Stale DaparUMfit of Health* baaed on law
response relationship of lead in soil and Mood lead ia children aa fallows;

I . A "ia«itfiiini |Miiininif4e level of 25v- PHB of lead in soil is '**
areas without grass cover and repeatedly osed by cfaildrea below 5 yean of age

about 2 m/dl to the blood lead hmt of ettdren.
2. A maiimum penaiaeible level of t09ppm of lead to sod b rernaimfnded ia

areas repeatedly oaed by chgdrea below 12 yean of ace. TOt level may add at the
moat 5 pa/dl to Mood teed Iml cfcsaMrea. <

3. 1 min'BMiai rrrmtfffMr fr~ri nf tTTT nrm nf traif hi iril it i
areas such i| jnjtiiifrial parks or aloof streets and htffcway* or
mnasjHaatad by caiMMa. AMiovfB these areas are not expected to be ptecef
whan daafcM pJav, w* do aot IM that this caa always be aaaured. Additional*

The Department of Health also recommends that municipalities should consider
the passage of local ordinances prohibiting the devdopmeat of residential areas ia
lead-contaminated soil unless the lead soil concentration is reduced to the appro-
priate maximum permissible level.
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SUMMARY

Lead in soil has been recognized as a public health problem, particularly among
children. In recent yean, attention has been directed to cumulative adverse ef-
fects of lead at low levels of intake. Lead-contaminated soil and dust have been
identified as important contributors to blood lead levels. Based on available Hva
on blood lead and lead in soil, an approach has been developed to suggest a
pennissible level of lead in soil, below which there will be reasonable certainty
that adverse health effects will not occur. An acceptable level of 600 ppm of lead
in soil suggested as a "safe" level would contribute no more than 5 jxg/dl to total
blood lead of children under 12 years of age. Maximum pennissible levels of lead
in soil have been recommended based on the dose-response relationship of leadin soil and blood lead in children.
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Reducing Lead Uptake in Lettuce
N.L. Bassuk1

Urban Horticulture Institute, Department of Floriculture and Ornamental
Horticulture. Cornell University. Ithaca. NY 14853
Additional indtx words, heavy metals, engine emissions, airborne lead deposition,
Lactuca sativa. phosphorus, organic matter
Abitnu.1. Lettuce plants (Lactuca sativa L. 'Black Seeded Slmpson') were grown under
greenhouse conditions In sods artificially contaminated with PbClj. The addition at
organic matter or P suteuotiully rtdutcU Pb uptake. Dlflcieut t»oei of oigauk matter
reduced uptake in the folJowlnv, *«y, from must 10 least effective, respectively: muck
soil > manure > ground-up leaves > sphagnum pt*t. The addition of loo ppm or
greater P also reduced Pb uptake. Lend deposited oulo leaves from the emissions of a
gasoline engine could be removed by washing leave* in 1% aqueooi acetic acid or 0.54
liquid detergent solution.

During (lie past 10 years, there hive been
increasing numbers of people growing their
own vegetables in inner-city wens. This trend
has given rite to \urne cunteiu about the
heavy metal content of ciry-grown produce,
particularly its Pb content (1. 6). The World
Health Organization recommends that
daily intake of Pb nut e,u.e«J 234
(14). Children under 3 years of age who are
most susceptible to Pb tuxiciiy thould take
in no mure than 100-200 tig'dey1, accord-
ing lo Maliaffcy (8).

Soils ranging in Pb content from 200-4000
ppm have been documented ia many cities
including New York, Boston. Baltimore,
London, Caracas and Christchureh, New
Zealand (2, 3. 6. 11). Although Pb ii not
particularly mobile in the soil, under some
conditions it can be taken up in substantial
quantities by plants growing in umununjteU
soil (1) Lead also >» deposited directly onto
growing leaves from automobile emissions,
making it difficult to separate deposited from
translocated lead (13).

Numerous studies have documented that
Pb levels ris* in the toil willi iicaiucss to
traffic (12, 13). The other major source of
Pb in urban garden soils cornea from build-
ing rubble, where Pb-based paint was used
(1).

Several factor* affect Pb content in urben-
pown vegetables, including soil pH, level
of Pb in the toil, organic Baiter content,
cation exchange capacity, pretence of other
elements (especially P and S), plant age and
species, part of the plant eaten (leaf, root,
or fruit) and nearness to automobile emis-
sions (1.6).

The objectives of this project were to de-
velop practical reeommendabooi for the ur-
ban gardener to prevent Pb uptake by plant
roots and to find a method for removing air-

Received for publication 16 Auf 1985.The coil
of (A<bli>limj Jiit |>tp*i wti defrayed in pan by
Ih4 ptymtnl of pj|* cha/gei. Lfndar poml regu-
lations. [Ms piper Aarafora muv bt hwiby mirfcad
adrtrlii€mtnt JOltly 1C 1/ldiCllC tnU f*C(.
'Auiium ProfMior

borne Pb paniculate* from plant leaves.
PbClj was added to u clay loum toil (pH

6.8), which had a background level of 28
ppm Pb, resulting in toil Pb concentrations
of 635 and 3520 ppm. Phosphorus iii tht
fonn of Ca(HjPO«)j was mixed in the Pb
Lumajiuuatcd soils to achieve P readings of
$0, 100, 215 and 400 ppm after moist in-
cubation for one month. This form of P was
used based on its previously reported effec-
tivcnes* in reducing Pb uptake from contain*
inated soils (15). la another experiment,
varying proportions of organic matter (100%,
75%, 50%. ur 25% (v/»)] weie incorporated
inio QJC 3520 ppm Pb soil. Four types of
organic matter were used: muck Mill: well-
decomposed manure; dried, ground-up leaves:
and tpnagnum peat. PbOj was added to ad-
just for the dilution effect of the added or-
ganic matter, and these treatments also were
incubated moist for one month.

Two-week-old teedliiiys of 'Black Seeded
SinivMMi' weie transplanted into 2.36-cm (6-
inch) pots containing the treated soils. De-
pending on the experiment, pots were rep-
licated 3. 5, or 6 times, completely
nuiUomiwd, and grown in a l21*/)u*C (day/
mglii)] greenhouse for 3 months, after which

20 j

19

16-

14-Pb (pp.)
12-

10.

time the tops were harvested, dried, and
ground in a Wiley mill.

Potted seedlings were also exposed to the
e»J>«un fuiiie> from * 2-jtruKe gasoline en-
dine that used leaded gasoline. Twenty 2-
week old seedlings were potted into clean
soil with all exposed soil covered by alu-
minum foil and then placed in a ventilated
clear-sided box while cooled exhaust was
blown over their foliage for 5 mm twice a
day at 10:00 AM and 3:00 PM for 3 month*.
The tops then were harvested and treated ID
the following ways: washed with lap water.
1% juueuu* acetic acid (vinegar). 0 5T- 'liq-
uid detergent solution, or not wathed Ore
gallon (3.78 liters) of washing solution *J5
made up for each replicuie. which *ik in-
dividually agitated iu it for 2 rr.ui An J.i-
guied greenhouie-grown control treaimcr.:
also was included. Following the w i < K n > g
treaunents. the tops were dried and ground.

Five-gram samples of all rcplic»tci of «:'
experiiueulnl treatineuti weie aiheJ ji 4509C
and the residues taken up m HC' Lend »*s
analyzed by atomic absorption tpectrcsccp)
Soil Pb was attalyzcd by digesting caUi sim-
ple overnight in 8 M nitric acid, f i l te red, di-
luted, and analyzed using atomic absorption
spectroscopy. Soil orgaoic matter wa> deter-
mined by loss on ignition and P determined
cnlnnmelhcally (4). An analyxi* of variance
w«s performed on the data to scpu-«(e trett-
mem difference*.

In the >oil (.-onummg 635 ppm Pb. die
addition of 100 ppm or greater P signifi-
cantly decreased the amount of Pb taken up
by the plant; however, iu the 3520 ^pm Pb
soil, 215 ppm P or greater was neccisary 10
prevent the uptake of Pb (Pig. 1) These data
support die work of ZFmdalil and FuMcr (13),
who found that P had to be increased to off-
set an increased level of Pb ia ihe soil How-
ever, even after reducing Pb uptake by 36-
40%, these authors still showed high !eveii
of Pb taken up by corn plants (34 ng f1 dry
weight). Other researcher* have shown that .
while the amount of available P influences
Pb uptake, it is significantly less usefui thnn
pH or canon exchange capacity ai a factor

50 100 215
(ppa)

Fi( I. Tht effect of 4 |i\eli of P on Pli dpukc by klluct $njwn on >oil> tunuinin^ hijiri
jn<l low (695 ppm) Pt lc\cii. N -6. no t'3%) - 3 183 M/'"
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Fig. I TV effect of 4 types of orginc m»ft«f toil amendments io varying proportions on Pb uptake
in l«nuie jfTv*n in »oil containing 3520 ppm lc»d N » .V LSD (S*) » 6.4J2 ppm.

limiting Pb uptake (5, 15). Nevertheless in
the K»l with the highest Pb level (3520 ppm),
the addition of 215 ppm P prevented Pb from
being taken up in concentrations greater than
chat taken up from the uncontaminated toil
control (9 jig-g'1 dry weight) fFig. 1). From
the practical level, however, this much P rrwy
have no addition^ benefits for plant growth
other lhan preventing Pb uptake and may be
harmful by reducing the availability of soil
micronutncnu.

The addition of organic miner, however.
to Pb-conummatcd soils seemed a more
promising method of preventing Pb uptake
in that there arc many inexpensive loureei
available to city gardeners, while the addi-
tion of organic matter would hive additional
beneficial effects on plant growth and soil
structure. Three readily available source* of
organic matter (leaves, spaghnum peat, and
well-decomposed manure) plus an organic
muck soil collected ne«r Ithaca, N.Y. were
compared in effectiveness in preventing Pb
uptake in a soil of 3520 ppm Pb content.
The background levels of lead in these or-
ganic amendment* were 41 follows: leave*,
32 ppm; peat, 11 ppm; manure, 29 ppm; and
muck soil. 45 ppm. Letiuce uptake of Pb in
contaminated soil without organic amend-
ment was 37.6 u-g-g'1 dry weigh). Lettuce

grown in the control noncontuninated soil
had a Pb uptake of 9 ixg'g'1 dry weight The
2 best toil amendment* were muck and ma-
nure, which showed a 13% and 63% reduc-
tion of Pb uptake, respectively, in (oils with
a 25% (by volume) addition of organic mat-
ter (Fig. 2). Peat and ground leaves were the
least effective amendments, showing reduc-
tions in Pb uptake of only 55% in the 100%
organic matter treatment. These taller 2
treatments, however, jnay liave been con-
founded by their low pH (4,4 and 3.7. re-
spectively) while the pH of manure and muck
soil were 6.7 and 7.4, respectively. Numer-
ous authors have cited the effect of low pH
on increasing Pb upuke, and these results
would tend to support their observations (1,
5. 15). However, the unnmendcd soil pH
was 6.8, refuting the idea that high pH «lone
in sufficient (o prevent Pb uptake.

Although many researchen have reported
Hie importance t»f increased cation exchange
capacity and organic matter m reducing Pb
uptake (9, 10, 15). few have added organic
maner of different types and volumes so thai
OK urban gardener could u« the results
practically. Uebhardt and Kotkx added up
co 50% (by volume) of a commercially wail-
able composted refUM containing 300 ppm
Pb to toil and found no significant Pb uptake

<pp*>

NO VASH VASH VINECA* SQAf VASH NOT GASSED
NO VASH

Fie 3 The effect of wishing treatirxnu on Pb levell in lettuce love* «xpot»<J io giiolme engine
(missions. N » 5. LSD (J*) - 2 347 ppm.

in rycgrass and corn but did find increased
uptake in snapbeans and soybeans (7). Zim-
dahl and Foster reported that the addition of
** cow manure reduced Pb uptake in com
shoou and roou from 56 Hi a"' dry weight
to 25 ng-g'1 and 85 M,g-g-l in 4$ u.g g •' dry
weight, respectively (15). Thi* study, how-
ever, did not counteract the diluting effect
of added organic mutter bv adding additional
Pb.

Lettuce plants that were "gassed" with en-
gine exhaust containing Pb showed elevated
Pb level* (17 2 ng-g dry weight) compared
to the ungatxd umtniK (9.3 u.g g'1 dry
weight) (Pig 3). Washing with water alone
removed only some of the Pb. while the ad-
dition of Hectic acid or liquid detergent to
the water removed il to a leve! equal io that
of the ungasscJ tuiilruli Prrer ei <il M3j
washtd leaves of lettuce thut had been grow-
ing ne«r * heavily traveled road in water .ind
removed 70% of the Pb found in the lc*f

We conclude that lettuce grown ;r. py
conuminated soil can be prevented front tak-
ing up Pb by the addition of P at or greater
than s: 100 ppm P or by the addition of 25%
(by volume) organic matter in a form such
as composted manure or muck soil Al-
though additional P was effective, it may
cause unavailability of Mil micronutnenu and
may be a costly item for urban gardeners.
From a practical level, organic matter
amendment is preferred because of its effec-
tiveness. inexpensive availability, and ad-
ditional benefits for plant growth and toil
structure.

LcaxJ paniculate* are effectively removed
from lettuce leaves by the addition of dilute
acetic acid (vinegar) or liquid detergcni to
the wash water.
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Transmission of Xanthomonas
campestris pv. /?rwwi in Plum and
Apricot Nursery Trees by Budding
C.A. Goodman and M.J. Hattingh
Department of Plant Pathology. University of Stellenhosch, Stellenbosch
7600. South Africa
Additional index words, bacterial spot, budwood, Prunus armtniaia, Prunus falicina.
rootstocks

Abstract. A study was made of the Importance of tht source or apricot (Prunus or-
menieca L.) and plum (P. taJicina Lindl.) buds on subsequent development of bacterial
spot caused by Xantkonuius tunptstrit p». pntni (Smith) Dye on scion shoots and their
roouiocks. Visibly Infected buds budded onto 'Marlanna' rootstock took poorly, and
all developing ihoots became Infected. Symptornlew, suspect buds from diseased trees
had an Increased rate of Uke, and fewer shoots were infected. Visually heahJiy buds
collected from healthy trees gave the highest rate of Uke and lowest percentage ofshoot infection.

Bacterial spot of ttone trim caused by
Xanthomo/utt compestns pv. pruni (Smith)
Dye sporadically cause* heavy crop lotsea in
certain fruit-growing areas of the Western
Ope Province of South Africa. Apncot, pcacb
[Prunus ptrjica (L.) Batten], and Japanese
plum arc the most seventy affected eco-
nomic hosts. Recent large plantings of nec-
tarine (P. ptrstca var. mciarina (Ait.)
Maxim.], particularly the late-maturing cul-
tivars, are also threatened.

Most stone fruit trees in South Africa are
produced in November and December
(equivalent to June budding in the Northern
Hemisphere). It the bud does not take, the
rootstock i$ sometimes cut back below the
dead bud and rebudded. Furthermore, bud-
wood of ttone fruit tree* might contain bod*
thai are visually infected with X eamptstris
pv. pruni Some nurserymen believe thai these
buds will always die and therefore do not
transmit the pathogen. [| is also not known
what risk there is in using visually healthy
budwood derived from diseased trees AT from
apparently healthy trees in an infected or-

Received for publication 4 Dec. 19*1 From an
MSe (Agriculture) ttlMU by C.A G The Coit of
publiihinf thu papar *a» defrayed in psut by the
paymtnl uf page charge*. Under pottal refula-
(ions, lhj» paper th«refore muic bt hereby marked
ndvrnutmtiii solely to indicate thi< fact

chant. This investigation considers transmis-
sion of X. camptitrit pv. pruni from different
budwood sources.

Rootsocks were established in the open
ground. Before planting, the soil was treated
with ethytene dibromide for nematode con-
trol, and various fertilizers and dolomicic lime
were applied as recommended after soil
analysis. Irrigation was by overhead sprin-
klers. Granular fertilizer and nutrient (prays
were applied during the growing season.
Routine pest and disease spray programs wen
followed, but antibiotic or copper sprays were
avoided.

Budwood was cut at random from 4-year-
old plum trees in an orchard where about
70% of die trees exhibited severe symptoms
of bacterial spot. On affected trees, branch
cankers and leaf lesions were well-devel-
oped. Budwood also was taken from 6-year-
old apricot trees in an orchard where about
15* of the trees had symptoms of the dis-
ease. A distinction was made between vis-
ually healthy buds obtained from apparently
Healthy trees, suspect buds that appeared to
be healthy but were obtained from diseased
nets, and infected buds fmm branches with
cankers extending into the base of the bud.

Budwood and rootstock material, time of
budding, and cumber of buds inserted per
combination are listed in Table I. The m-

T-bud method (8) wax u<ed Root-

stocks wMf planted at 15-cm mtervils ji ro*j
1 m apart. 'Mananna' (P. ctranftra Chjl :
x P. munnnniana Wight & Hcdr. * rnctjiook

cutting! w«rt planted in ipnnj. and i^moi
rooisioclc were grown from seeJ planted :.ie
previous spring Shadccloth (3 m h i g h ; was
used to separate row< grnfteJ wur, infected
buds from those grafted with suspet: ar.c
viiually healthy bud). Rcaulu were :tx»rOcd
8 weeks after budding, hut secondary sprejd
of the disease was monitored :"oi f mere
weeks.

Isolation and iiifnrificattf>n vf\ cimpes-
rrij pv. pruni from infected skoun Plum mj
uprieot shoou were iurfji.e-dismfe.iied <Mtt".
70% tthanol and flameJ Ducajcd shoo: t i s -
sue wax exeised aseptically. placed in a 2C-
ml, screw-cap bottle containing 10 ml stcnie
buffered saline (12). shaken vj;orouii> for
several minutes, left for 2 hr. reshaken. and
loopnjls of the suspension streaked onto Oifco
nutrient agar. Pure cultures of X campestris
pv. pruni were obtained by repented subcui-
turing on nutrient agar. 'I'he identity of (he
pathogen was confirmed by the *pot test fl)
u»i£g the specific bactenophages FII and RV
(7).

Development of bacterial colonies on nu-
trient agar indicated that infected, suspect,
and visually healthy plum and apncut buds
generally contained numerous, few. and no
X. camptims pv. pruni cells, respectively.
at budding. Successful take of visually in-
fected plum buds was low (<50%). and aJ!
shoou developing on 'Marianna' rootstock
from these buds were diseased 8 weeks after
budding (Table 1). The pathogen was readily
isolated from diseased shoot and leaf MUUC
of both plum and apricot. Infcctea shoots
wen severely stunted and usually hud a canker
at the graft union and at one or more sites
on the shoot. Often, cankers almost girdled
(he shooo, causing some to snap off m strong
wind. Leaf infection was severe, and <po<s
usually coalesced to form ragged holev Many
leaves wen; deformed, and heavily infected
ones bad a silvery sheen. Infected shoou were
thinner than those developing from vuunlJy
healthy buds. Of the 'Mananna' rootsioctcs
on which infected buds did not take. 65%
produced watersprouu. Mo«t (88%) of -
watcrspnuts developed cankers and leaf >
typical of bacterial spot.

Bud take of suspect plum and aprc.u
on 'Mariiuina' was reasonably high <62--*
Shoot infection was reduced (43-67T-. but
symptoms were similar to those re»u.:m| fTjm

HoRTScitNCE. You 21(4), AUGUST 1986
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A STUDY OF SOIL CONTAMINATION AND PLANT
UPTAKE IN BOSTON URBAN GARDENS & /*/&**

f̂cjif WORDS: Lead, vegetable gardens, toxicity 5̂ĵ
' ————— ic *-

Thomas M. Spittler and William A. Feder
U. S. Environmental Protection Agency

Surveillance & Analysis Division - Region 1
60 Westview Street

Leximjton, MA 02173
•S TRACT:

This study has demonstrated a serious problem of Pb
mtamina.ion in the non.ial environment of many urban
tsidents. Many soil samples have been analyzed by X-ray
•luorescence spectroscopy from backyard and play areas as
•••?11 as from large community gardens and playgrounds. An
•/erage Pb level of 800 ppm was found in about 900 soil
'.imples. The elevated Pb levels are definitely traceable
'.o widespread use of Pb paint in the past. Tissues of
selected plant species grown in garden soils containing
Tb levels ranging from 100-2000 ppm showed differing affin-
ities for Pb uptake. The amount of Pb found in tissues was
nenerally related to the soil Pb concentration but was also
organ or tissue related; fruits taking up less than roots
and roots less than tops. Experimental design insured that
the soil was probably the sole source of Pb in this study.
This points to positive translocation of Pb from soil into
plant tissue.
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these elements could be paired with varying high soil Pb
concentration. These data, and the inference from Figure 1.
pointed to leaded paint as a significant source of soil con-
tamination in yards, gardens, and vacant lots—since turned
into playgrounds and community gardens.

During this same summer and fall, several vegetation
samples were collected from urban gardens and analyzed at
private laboratories. Levels as high as 30-50 ppm Pb (O.W.)
indicated that plant uptake could be a serious problem (Figw*
4). Typical market basket vegetation has been found to conti"
1-5 ppm Pb (D.W.)8.

Three important questions emerged from these preliminary
(1) Was there any relationship between soil lead

and edible plant uptake? (2) What was the variation
-' lead uptake with plant species? (3) Was it possible to
differentiate soil lead translocation from airborne lead con-
tamination of vegetation? This study addressed itself to these
1 jest ions.

WERIALS MD METHODS
Seven gardens were selected from those tested. Pb levels

ringed from 100-2000 ppm. Approximately 56 gallons of soil
i
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TABLE 2
Moisture Content of Vegetation Samples

Plot Number
Crop Type 1___2^___3___45 6* 7 8

- - - - X Moisture - - - -

Fruit 84 88 88 94 87 - 88 90
Bean

Radish
Top
Root

Beet
Top
Root

Carrot
Top
Root

Lettuce
Top

91
96

90
76

74
32

97

_**
-

88
77

78
86

93

-
-

93
81

77
85

94

90
95

88
86

-
-

93

93
96

90
79

83
86

97

88 91
93 93

89
76

77
83

93

91
93

90
89

78
8?

93

*0nly one crop harvested. As-sterile soil.

"Recovery data not recorded.

analysis of soil from any one plot showed good uniformity of
mixing. Except for two plots (t2 and 8), six aliquots showed
variations of lead content of less than ± 17X. Even this
inhomogeneity is minimized by combining all plant tissue from
any one crop into a single sample prior to analysis.

Calibration of the XRF instrunent was first performed
using portions of Pb-free fine-grained sand which were spiked
w i t h l'Kl->. These samples served as rough comparison standard!

'Mjt, in a subsequent interlab study, were found to give high
•csults for soil Pb analysis. A second set of standards was
prepared from four of the garden soils as follows: About 10-g
.ieved soil was thoroughly mixed for homogeneity. Two gram
iliquots of these samples were spiked with standard AA Pb
iolution to yield spikes containing approximately 1/2 x, 1 x,
1.5 x, and 2 x Pb where x is the estimated Pb content of the
•.oil sample. Standard adil ion plots (Figure, 5) were then
,ide by analyzing each set of spikes plus one unspiked aliquot
>f each soil. The set of four unspiked samples then became a
•cference set of soils for future comparison with Pb contam-
inated soil. These data agreed well with analyses performed
!iy four outside laboratories on split samples. (Article in
.•'reparation.)

Plant tissue analysis was also done by the XRF technique,
fb has a sensitivity limit of 5-10 ppm in a low atomic weight
••atrix. To increase sensitivity, 2.0 g dry tissue were placed
in a porcelain crucible and muffled to 550°C for about 2 hours.
Temperature was raised about 100°C/30 min. starting at 200*C.
This procedure gave slow and almost complete ashing of organics
and reduced sample weight by a factor of 4-20. This technique
was tested by spiking vegetation samples with Pb solution
before and after ashing. Pb losses were estimated at less
than 15% due to the muffling procedure.

This technique was further checked against three outside
labs by splitting eight vegetation samples with the USDA lab
in Beltsville, MO. under Dr. Rufus Chaney, an MIT lab under
Or. James Fox and the University of Lowell Chemistry lab under
Or. Robert Litman. Comparative data and methodology are shown
in Table 3. Finally, the NBS Reference Sample Orchard Leaves
'1571 was analyzed by the XRF method in our laboratory. Re-
covery of the Pb w,is about 85V..
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Figure 7. Pb Content of Beet Tops and Roots Grown in Urban Garden
Soils Under Greenhouse Conditions.

tion permit us to conclude that we are measuring soil Pb uptake
almost exclusively. Were these same vegetables grown under
normal gardening conditions, one could expect some added con-
tamination from aerial deposition of aerosol Pb, wind-stirred
soil Pb, and accidental contamination from soil Pb owing to
cultivation practices.

Based on the results of this study, recommendations to
the Boston Gardening Community for the 1978 season for gardens
with high lead levels (> 1,000 ppm), were to confine gardening
in such soils to fruiting crops which showed minimal Pb uptake

even in highly-contaminated soil. Where soil Pb was in the
Medium range (500-1000 ppm), gardeners were advised to avoid
leafy greens or develop container plots of clean soil for such
crops. Harvesting plant tops (e.g., beets, turnips) was also
discouraged in these gardens.

Aside from the obvious conclusions of increased dietary
Pb that could result from consuming contaminated vegetables,
the general problem of contaminated soil should also be noted
here. Young children have an inherent closeness to the soil
and are often observed to put soiled fingers and food into their
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• i l T I O N A I . I N D E X U'DKDS: S u i l p . i r t i < I e-s i/..• f r . i . t i o n s , micro -
nnt r i en t s .

Acl.lm Kit.in
Department of Agronomy
University of I l l i n o i s

TRACT:

To examine the d i s t r i b u t i o n of DITA-exl i .11 I able Ee, Zn, and

r in clay, s i l t , ami sand f r.ir t inns; surface soils were collected

-.•m cultivated fields of Nortli Dakota. Soutii U.ikol,), l-'esl Virginia,

-a. Ohio, and I l l i n o i s . ("Iny, s i l t , .nul s.iml fi.u tions were

p.irated after sonic dispersion of soil w.iter suspension and ana-

/ed for DTPA-ext ractabl c Ke, Zn, and Cu. in general, clay li.id the

il'hest and sand the lowest amount of DTPA-ext rac tahl e metals.

•nsequently, clay had the highest and sand the lowest Intensity and

ipaclty factors for these metals since DTI'A mil roncit r ient test

•>Msures both these factors.

INTRODUCTION:

The distribution of DTPA-exirac taiile Ke, 7.n, .ind Cu in clay,

"lit, and sand fractions partly depends upon trie amount and nature

"f surfaces and solid phases which COIHI..I the solubility of these

. DTPA forms soluble complexes during extraction and there-
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